Abstract. The neutron and proton nuclear data of K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, and Zn were evaluated for energies up to 3 GeV. The adjusted sets of optical model parameters were obtained over 20 MeV for neutrons and over threshold for protons. The nuclear data of these isotopes were adopted into the JENDL High Energy File. The neutron-induced data were merged with JENDL-3.3 below 20 MeV.
INTRODUCTION
In recent years, high-energy nuclear data have been required in advanced applications of accelerator engineering, cancer radiotherapy, and space development. The nuclear data for neutrons and protons are especially important in these high-energy applications.
Some evaluation work is underway to produce a high-energy evaluation file over 20 MeV for neutrons and over threshold energy for protons. The LA150 file [1] has neutron and proton nuclear data up to 150 MeV for 41 isotopes, and the neutron data were merged with ENDF/B-VI [2] below 20 or 30 MeV. The NRG2003 file [3] has neutron and proton data up to 200 MeV for 26 isotopes. The High Energy Nuclear Data Evaluation Working Group in the Japanese Nuclear Data Committee (JNDC) is making progress in evaluation of the JENDL High Energy File (JENDL/HE) [4] for neutrons and protons. For JENDL/HE, the upper energy is 3 GeV, the neutron data were merged with JENDL-3.3 [5] below 20 MeV, and the evaluated data are stored in the ENDF-6 format.
We evaluated 34 isotopes of K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, and Zn for JENDL/HE. These are very important in the radiation shielding and structure material of accelerators. Validation of the evaluation was carried by integral tests.
EVALUATIONS
Nuclear data evaluation at intermediate energy needs a reliable theoretical model and empirical formula codes, because the available experimental data are fewer. A theoretical model and empirical formula calculation system for 34 isotopes under evaluation is illustrated in Fig. 1 . Major codes at incident energy up to 250 MeV are the ECIS96 code [6] for the optical model calculation and the GNASH code [7] based on statistical HauserFeshbach plus preequilibrium models. This is basically the same as that used in the LA150 evaluation. The first step of the evaluation is the determination of optical model parameters of neutrons and protons for each isotope to represent the measured total and nonelastic cross sections and elastic scattering angular distributions. The energy-dependent optical parameters were determined using ECISPLOT [8] . Compound reaction calculations were performed by GNASH with the determined neutron and proton optical potentials and the global potentials for composite particles. The global potentials are Lohr and Haeberli for deuterons, Beccheti and Greenlees for tritons and helium-3, and MacFadden and Satchler for alphas. The transmission coefficients for neutrons and protons calculated from the optical model parameters were put into GNASH to evaluate angle-energy correlated emission spectra for particles and gamma rays. Direct reaction contributions of discrete inelastic scattering were provided by the deformation parameters adopted from the ENSDF.
In the incident energy region from 250 MeV to 3 GeV, the JAM [9] and TOTELA [10] codes are employed. The optical model calculation is not applicable to this energy region where pion production becomes important. JAM is based on the intranuclear cascade model plus a generalized evaporation model. TOTELA calculates neutron-and proton-induced total elastic scattering and reaction cross sections and angular distribution of elastic scattering from 20 MeV to 3 GeV. It adopts the systematics modified from that by Pearlstein [11] to reproduce the experimental data. The gamma-ray production cross sections were calculated by the ALICE-F code.
The MERGE program merges both calculation results for the two energy regions and produces an evaluation file for JENDL/HE. The connection energy is 250 MeV for 34 isotopes. The produced neutroninduced file is merged with the corresponding isotope of JENDL-3.3 below 20 MeV, except Zn. In the evaluation files, the energy-angle distributions of emission particles were unified into the laboratory coordinate system except the gamma ray. The pion (π -,π 0 ,π + ) is included in production cross sections and emission spectra, but isotope production is production cross sections only. Isotope production cross sections comparable with experimental data were adjusted if necessary.
Samples of Evaluated Results
Some results of evaluations are shown below in comparison with experimental data and the other evaluated high-energy file. For 56 Fe, the total (for neutron) and nonelastic (for proton) cross sections are shown in Figs. 2 and 3 with experimental data and other evaluations. Our evaluations give good agreement within the spread of experimental data. Trends of cross sections in comparison with other evaluations are almost the same, but there are a few percentages of differences. Calculated angular distributions of elastic scattering from 40 Ca are compared with experimental data in Fig. 4 . Although there is little difference in the back angle, the general shape of distribution agrees well with experimental ones. 
VALIDATION
To validate the evaluation files, validation was performed two ways. One way was the view check of figures of plotted cross sections and double differential cross sections by the JPTS tool. All isotopes underwent a view check of about 300 plots. Another way was the nuclear data processing test by the NJOY99 code [12] . A library with an ACE-type format for MCNP was produced.
Experimental data of thick target neutron yield (TTY) by proton bombardment were used in this integral benchmark calculation. For the iron target, experimental data from LANL [13] were compared with calculation results by the MCNPX code [14] . Figures 5 and 6 show comparisons of both TTY for 113 and 256 MeV proton incident energies. TTY of 113 MeV are in good agreement with experimental data, but in 256-MeV TTY are differences between experimental data and JENDL/HE below 10 MeV.
From the iron and concrete benchmark test for the TIARA experiment [15] with 68-MeV p-Li neutrons, the results of JENDL/HE are better than those by LA150 and NRG2003, as shown in Fig. 6 . 
SUMMARY
We evaluated the neutron and proton cross sections of 34 isotopes of K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, and Zn up to 3 GeV. By a view check and integral test calculations, validation of evaluation files was performed. 
